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SUMMARY 

The objective of this paper is to demonstrate the originality of our approach with 
regards to already existing pilot models and to present recently obtained results. 

we consider the pilot's behavior as a discrete-time process where the decision making 
has a sequential nature. This model contrasts very clearly with previous approaches namely 
the quasi-linear model which follows from classical control theory and the optimal control 
model which considers the human operator as a Kalman estimator-predictor. We also consi- 
der that the pilots objective may not be adequately formulated as a quadratic cost func- 
tional to be minimized, but rather as a more fuzzy measure of the closeiiess with which 
the aircraft follows a reference trajectory. 

All model parameters, in the digital program simulating the pilot's behavior, have been 
successfu ly compared in terms of standard-deviation and performance with those of pro- 
fessionnal pilots in IFR configuration. The first practical application of our pilot model has 

been the study of its performance degradation when the aircraft model static margin 
decreases. 


I. INTRODUCTION 

Research on human operator models and especially on models of spacecraft, aircraft 
and helicopter operators has often been influenced by the current state-of-the-art. Before 
further investigation, the human operator appears as highly adaptative, versatile, complex 
and sufficiently creative so that we can always recognize in the diversity of all strategies 
he may use, one we know well and want to find. 

The first approach to the problem was from the control specialists of the 1950's, 
attempting, at the beginning age of servomechanisms, to apply their basic tool, namely the 
linear transfer function of a phase lead regulator (ref. 1). These studies relied heavily on 
simulation techniques using analog computers. 

0ne °* tjje most-commonly accepted representations is the qua$i-l inear model of 
McRuer (ref. 2, 3, 4) so named because it represents the human operator by a linear trans- 
fer function, plus a remnant to describe that part of the human response that is not pre- 
dicted by the linear approximation. The transfer function is essentially the result of an 
approximation to the first harmonic and the remnant accounts for higher-order effects and 
for other modeling errors. The most celebrated result from the above study is probably 
the cross over model" which is based on the fact that the human operator adjusts the 
parameters of his own transfer function so that his open-loop response satisfies the closed- 
loop stability conditions with a reasonable error. 

At the same time sampled-data models have been proposed (ref. 5). This type of mo- 
dels is suitable for numerical computation on digital computers. However, the assumption 
of fixed rate sampling appears as a weakness of this representation. 

An alternative to the quasi-linear modal has been developed by Kleinman, Baron and 
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V. DESCRIPTION OF THE DISCRETETIME PILOT RiODEL 
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I hS J* th /* m ax»mum ratio, over the flight path main parameters, between the estima- 
ted deviation (as memorized or predicted by the internal model) of a given parameter and 
its permissible deviation. The permissible deviations are determined experimentally. If G(0) 
is under a given minimum threshold of seriousness, the situation is evaluated as safe and 
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Fig. 4 - Overall strong?. 


As far as the strategy of dials monitoring is concerned, the sequence of observed dials 
is governed by a matrix of conditional probabilities of reading »ach instrument after ano- 
ther one. This matrix is called "switching matrix". After each instrument reading, the value 
of a random variable determines which dial will be read next, depending on the switching 
matrix. The sequence of reading times is regarded as a Poisson process. Figure 5 gives an 
example of switching matrix in the case of the IIS approach phase of an Airbus A-300B. 
This matrix has been determined experimentally by means of an clectro-oculometer. In re- 
trospect, were observed in this matrix the features of elementary monitoring rules during 
IFR flight. For instance, the artificial horizon was mostly observed. 
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MATRIX t OBTAINED WITH EDM EQUIPMENT 
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Fig S - Strategy lor diets monitoring 
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The strategy of the correction procedures is based on the fact that the human pilot 
makes decisions depending on the short-term predicted evolution of the situation while 
taking into account all previous actions. 

The model has no access to the equations governing the aircraft dynamics but, by 
using its operating image, it can predict approximately the short-term situation. This predic- 
tion capability is used by the model to select the best correction procedure to implement, 
each time it is necessary. This choice is made by developping a logical tree (fig. 6) in 
which, 

-the root is the memorized situation (So) ; 

— branches are the correction procedures whose implementation is considered ; 

— nodes other than the root are situation predicted from the root by means of the ope- 
rating image while taking into account the intented correction procedures. 
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Fig. 6 - Strategy for correction procedures. 


The instantaneous seriousness G(K) is computed at each node K. Considering that it 
remains constant during the time Atl elapsed from the previous node to the node I, the 
model computes a short-term mean seriousness G(l) on each path leading to a terminal 
node. To that end, the instantaneous seriousness is weighted by the time elapsed on each 
branch and the result is divided by the total time elapsed on the path. The short-term 
mean seriousness of a path (I, J) is then expressed by 

G([l, J]) = — — ^ 1 G(K) ■ Atk 

\l ” M K = I -*• J 

The mean seriousness of the best path G([l, J]) chosen at I is denoted G(l). This 
choice is simply made by taking among all possible paths from I the one with the mini- 
mum mean seriousness. 

The path from the root with the minimum mean seriousness is then chosen and the 
implementation of the correction procedure corresponding to its first branch can be ini- 
tiated. 
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VI. PROGRAM APPLICATIONS 

Two applications have been made to validate this program. Both apply to the simu- 
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lation of the final descent of the ILS approach phase for an Airbus A-300B. First, a statis- 
tical comparison has been made between the performances of the model and those of pro- 
fessionnal pilots. Secondly, the performance loss of the model when the static margin of 
the simulated aircraft is decreased has been investigated. 

VI, 1. Comparison between the model and professional pilots 

It is meaningless to compare the time responses obtained from the model and from 
human pilots. As good as it may be, the match between the curves cannot be perfect. A 
statistical comparison would be more meaningful. We have therefore chosen a comparison 
between the standard deviation and the performance, which are defined below for the va- 
rious flight parameters. 


Standard deviation ox = 


Performance Px = 

where t is the duration of the final descent of the ILS approach phase. 

The results from the model have been compared to those of five professionnal pilots 
performing final descents in IFR conditions on a flight simulator representing the heavy 
transport plane considered in this study. The comparison is illustrated in figure 7 ; it can 
be seen that the model exhibits a behavior close to the pilot's as far as the above defined 
standard deviations and performances are concerned. 
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Fig. 7 - Standard-deviations and performances. 
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Vl,2. Application of the model to flight control with reduced static margin 

One of the first practical applications of the model has been the study of its perfor- 
mance loss when the static margin of the simulated aircraft decreases, i.e. when the center 
of gravity moves backward, progressively destabilizing the plane. It appears that the perfor- 
mance of the model decreases when the static margin is reduced, which seems realistic. The 
loss of control occurs suddenly (fig. 8) when the workload resulting from a decrease in 
static margin becomes excessive. The most interesting result of this study is that, whenever 
control difficulties appear on the pitch axis, the overall aircraft control is impaired ; for 
most of the cases losses of control occur on the transversal axis. 
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Fig. 8 - Basic ILS approaches with reduced static margins. 


VII. CONCLUSION 

The model described in this paper is expected to be more conform to the actual 
pilot's behavior than those of previous studies. It tries to make a synthesis between the 
mathematical approach and the psychological approach through the introduction of the 
aircraft internal model. 

In the future, studies will attempt to introduce the concept of pilot adaptativity to a 
new type of aircraft as well as the concept of learning which could take into account the 
degree of professionnal development of individual pilots. 
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